Clean air is a basic requirement for health and well-being. One of the main sources of air pollution is traffic. It emits harmful pollutants including nitrogen dioxide and particulate matter. There is a large body of existing evidence regarding the public health impact of air pollution. A wide range of health problems including respiratory and cardiovascular illnesses have been found. The evidence in relation to the impact of traffic related air pollution is inconsistent therefore the aim of this paper is to provide clarity on the strength of evidence. In addition, the review will consider the impact of environmental and personal exposure factors. To identify relevant research, the database Science Direct was used along with a search strategy. This review found there is a large body of evidence in relation to air pollution from traffic, health impacts and environmental factors. Due to methodological limitations and the complexity of the interactions the strength of this evidence is mixed. Links to cardiovascular illnesses were considered the most significant. A number of environmental factors such as weather and built environment have significant impacts on traffic related air pollution levels. The review highlights the lack of comprehensive and robust evidence linking environmental factors, traffic related air pollution and health impacts. Future work should use appropriate methodologies to address these gaps.
Introduction
Ambient air pollution is a worldwide issues which impacts the health of the population. It is estimated that ambient air pollution caused 3.7 million deaths worldwide in 2012 [1] . In Europe, nine out of ten people who live in cities are exposed to levels of air pollution higher than recommended within the World Health Organisation Guidelines [2] .
While there are a range of sources which impact on the levels of air pollution, road transport has been identified as one of the biggest contributors to ambient air quality. It emits two of the most widespread pollutants, nitrogen dioxide and particulate matter [3] . This review will focus on research completed on traffic related air pollution.
There has been a substantial amount of research regarding the public health impact of air pollution. Its effects have been linked to respiratory illnesses, cardiovascular illnesses and various other additional health problems.
Methodology
To identify relevant literature, an electronic search of a bibliographic database was conducted. The database chosen was Science Direct. The search was limited to peer reviewed journal articles, published in English. A number of key words were identified and used to form a search strategy. The search terms included a combination of key words incorporating the key themes: traffic related air pollution, health effects and exposure factors. The results were refined by limiting the articles to those published within the last five years.
To identify research on the health impacts, the following search term was used, "traffic related air pollution" AND "health effects". The initial search resulted in 855 unduplicated research papers. The search was refined again by limiting articles to relevant topics, this included air pollution, nitrogen dioxide concentration, particulate matter, cardiovascular, respiratory, birth weight and health effects. Limiting the topics reduced the number of articles to 254. After reviewing the abstracts, a further 219 were excluded for not specifically focusing on traffic related air pollution. The remaining 35 papers were critically reviewed as the first part of this systematic literature review.
A second search was completed to identify research papers which focused on the factors affecting the levels of air pollution that the population are exposed to. A combination of key words were used to identify articles which evaluated the impact of various exposure factors. All searches used the term, "traffic related air pollution" along with a combination of key words. For the impact of the environment the following terms were used, meteorological impact, rainfall, temperature, seasonal variations, street vegetation, trees, building height, street canyon, urban street configuration and urban design. A total of 814 results were found and these were limited to articles published in the last 5 years which reduced the number to 639. The search was further refined to relevant topics reducing the number to 240. After reviewing the abstracts a total of 27 articles met the inclusion criteria.
Results and discussion

Health impact of traffic related air pollution
There are varying degrees of consistency in relation to the evidence on the health effects associated with traffic related air pollution. The following information aims to clarify the current evidence available on the health impact of traffic related air pollution.
Respiratory illnesses
Research exploring the link between respiratory illnesses and traffic related air pollution has been completed in numerous countries with varying outcomes. Traffic derived particulate matter and nitrogen dioxide have been associated with a range of respiratory illnesses which are outlined below.
Short term exposure to traffic related air pollution has been linked to the exacerbation of asthma symptoms [4] [5] [6] . A meta-analysis found increasing evidence that long term exposure to traffic related air pollution can contribute to the development of new onset asthma in both children and adults [4] .
An association between exposure to particulate matter and the development of lung cancer was found in a study which looked at the impact of traffic related air pollution in nine European countries [7] . This research found no association between the level of nitrogen dioxide and lung cancer however link was evidenced by a study carried out in Japan [8] .
Of the papers reviewed in relation to respiratory problems, six [6, 9-12] focused on the impact of traffic related air pollution on children. Children are often the focus of research as they can be more vulnerable to air pollution. Their lungs and immune systems are not completely developed [4, 13] , they inhale a higher dose of airborne particles in relation to their size compared with adults [4, 6, 9] and may spend more time outdoors [4, 11] . Children exposed to nitrogen dioxide within their first year are at an increased risk of developing a persistent cough and wheezing [10, 13] .
Cardiovascular illnesses
The evidence found within this literature search indicates a link between traffic related air pollution and various cardiovascular illnesses. There is strong evidence that diesel exhaust emissions promote changes in atherosclerotic plaques which can lead to cardiovascular problems such as stroke or heart disease. This research was completed using experimental mice and identified the negative impact of diesel exhaust fumes on biological mechanisms [14] . Several other studies found an increase in mortality due to cardiac function by using a land use regression models [15] [16] [17] . Furthermore, a positive association was found between exposure to both nitrogen dioxide and particulate matter and the incidence of stroke [8, 18] . In addition, a meta-analysis found significance between exposure to nitrogen dioxide and particulate matter and the increase of hospital admissions for cardiovascular illnesses [19] .
Air pollution and pregnancy
Exposure to traffic related air pollution can impact both the pregnant woman and the foetus. Exposure to nitrogen dioxide during the entire pregnancy has been associated with a risk of pregnant woman developing pre-eclampsia [20, 21] . Furthermore proximity to a major road has also been associated with pre -term birth [21, 22] . Conflicting evidence has been found between birth weight and exposure to traffic related air pollution [23] [24] [25] [26] [27] . Several studies which modelled prenatal exposure found a reduction in birth weight [23, 24, 26] however two studies negated the association [25, 27] . Due to the lack of clarity and the methodology short comings of some studies [20] [21] [22] [23] [24] 26] there is a need for additional evidence on the subject of air pollution and pregnancy.
Additional health effects
Increasing levels of traffic have been associated with rises in total health risk and natural mortality [28, 29] . A study found an association between exposure to nitrogen dioxide and particulate matter and autism spectrum disorders. However this research did not take into consideration the impact which noise and other nuisances associated with heavy traffic areas could have on the development of autism therefore the strength of the evidence should be evaluated [30] .
Research has also been completed regarding a link between air pollution and diabetes, however the results are inconsistent. One study suggested both nitrogen dioxide and particulate matter are linked to diabetes [31] . This study used estimates of home outdoor levels. This may not be representative of the levels of pollutants which people are exposed too therefore the results should be viewed with caution. Another similar study found inconclusive evidence regarding a link to diabetes [32] . Another health effect found was a reduction in fertility rates associated with particulate matter. The research completed was based on previous studies such as Veras et al. [33] using mice which found a reduction in fertility rates. The research completed used land regression modelling to identify if the results found in mice where transferrable to humans [34] . Several studies were also completed assessing the link between allergic sensitisation and traffic related air pollution, however no associations were found [35, 36] .
Environmental factors
The local environment can impact upon the dispersion rate of traffic related air pollution. There are various factors which can increase and decrease the levels. Much of the evidence from these studies can be site specific therefore must be fully evaluated before applying to other areas.
Meteorological impact
Wind, temperature and rainfall can all impact on the levels of pollutants which people are exposed to. Wind direction and wind speed can be influential on levels of air pollution by increasing or decreasing the rate and area of dispersion [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] . Calm conditions are generally associated with higher levels of air pollution [40, 41, 43, 44, 46] . Several studies which consider wind speed and direction as contributing factors for levels of air pollution, use wind tunnels to establish the impact [41, 44] . The results from wind tunnel studies should be viewed with caution as they may over or under estimate real world conditions. Furthermore meteorology is affected by the buildings in an area which can cause turbulence and disrupt air flow [47] .
Rainfall has been found to reduce the levels of traffic related air pollution [39, 46, 48] . Cool, wet days are found to have fewer exceedances of air quality objectives [48] . Increased rain washes deposited particles from the leaves of trees, increasing the ability of stomata to absorb pollutants [46] .
Temperature is another factor which can impact upon the formation and dispersion of air pollution. During periods of warm weather, increasing air pollution levels have been found [48] [49] [50] . Furthermore, heat waves have been associated with exceedances in air quality objectives [49] . One study states the reason for exceedances during warm weather is that mid-latitude cyclone frequencies decrease [48] . Conflicting evidence was found, which states, warm weather can cause greater dispersion and dilution of pollutants therefore reducing air pollution levels [42] . One study found that temperature has a greater impact on the levels of particulate matter compared to nitrogen dioxide [43] .
Although warm temperatures are associated higher pollution levels, the majority of evidence is in agreement that levels of air pollution are highest in the winter and decrease in the summer [40] [41] [42] [43] [44] 51 ].
Built environment impact
The built environment consists of land use patterns, transport networks and the arrangement of buildings. The design of the built environment can positively or negatively impact on the levels of air pollution [52] .
Street canyons are frequently used in research to understand the impact of the built environment on air pollution levels. They are characterised by having tall buildings on both sides of the street therefore creating a canyon effect [53] . This can impact air pollution by restricting the mixing of air and lowering the dispersion potential [47, 53, 54] . This restriction of air flow can result in higher levels of air pollution including nitrogen dioxide and particulate matter [47, 53] . The exact impact of the street canyon will depend on local factors including the permeability of the street canyon [54] and building height [47, 55] .
Research revealed that traffic calming measures do not reduce the levels of nitrogen dioxide, in fact one study found that speed ramps caused an increase in levels [44] . This is due to the increase in acceleration and deceleration [44] . Reducing the speed limit was the only measure found to significantly reduce the levels of air pollution [56] .
Roadside noise barriers are now a more common feature of major roads and can impact on the roadside levels of traffic related air pollution [57] . Several studies have found that barriers can reduce the levels of roadside pollutants [57, 58] . However one study found that this reduction is dependent on the wind direction [57] . Barriers can vary in their height, width and distance from the road, which are all factors that can impact upon their effectiveness in reducing levels of traffic related air pollution.
Impact of roadside vegetation
The impact which trees can have on the levels of traffic related air pollution is complex and the evidence regarding their ability to reduce air pollution levels is variable. There are numerous factors which should be considered when assessing their impact including the tree height, width, size of canopy and type of tree [38] . Several studies have found the presence of trees to cause an increase in levels of both particulate matter and nitrogen dioxide [45, [59] [60] [61] . The tree canopy may cause pollutants to become trapped by reducing ventilation [45, 59, 60] . This indicates that the trees have a greater ability to reduce dispersion rates than filter pollutants therefore causing pollutant levels to increase.
The evidence in relation to the impact of trees is inconsistent as there are a number of studies which state that trees reduce the levels of air pollution [38, 46, 62, 63] . Trees can act as a barrier between the source (traffic) and the public therefore reducing personal exposure [38] . Furthermore, the stomata absorbs pollutants and particles are removed from the air by deposition onto leaves and branches [60] . One study suggested that deciduous trees should be planted. These trees would lose their leaves in winter, which is the season when levels are highest. The reduction in the tree canopy allows air to flow encouraging the dispersion of pollutants [59] .
The impact which trees can have is also influenced by their location. Trees within a street canyon can have less of an impact than those beside an open road [38] . Research has indicated that trees should be planted far away from the pollution source [60] and be a triangular shape [38] to reduce the levels of traffic related air pollution. It is evident that assessing the impact of trees is complex and various factors need to be taken into consideration.
Conclusion
The literature review indicated that there is a link between exposure to traffic related air pollution and health effects, however the evidence is inconsistent. The strongest evidence found was the association between traffic relation air pollution and the development of atherosclerotic plaques. Numerous other health effects have been investigated with various quality of evidence. Additional rigorous research is needed to establish causation. Furthermore, evidence regarding individual pollutants is limited as people are exposed to a mixture of air pollutants therefore it is often difficult to determine the specific impact.
From the review of literature completed it is clear that the levels of traffic related air pollution are affected by various environmental factors. Studies have investigated a wide range of factors such as weather, seasons, street canyons, road design and roadside vegetation. Due to the number of these factors, each spatial and temporal location is unique, making traffic related air pollution estimates difficult to establish. Furthermore, the majority of research considered these factors separately thus their synergistic interactions are unclear. There is a lack of quantitative evidence that could inform which intervention would be most successful in reducing air pollution and specific pollutants.
The evidence reviewed highlighted numerous methodological limitations. A number of studies used land use regression models or other modelling techniques to consider the impact on health, other methodologies used available data sets or completed meta-analyses. These techniques aren't suitable to establish definite causation. Some studies investigating environmental factors used experimental conditions under or over estimating real life conditions. Only few methodologies using measured air pollution levels and case control studies provide stronger evidence.
Although much research has been completed in relation to the impact of traffic related air pollution, gaps in knowledge still remain. The main research gaps highlighted by this review are: -the lack of causal evidence between traffic related air pollution and health -the lack of comprehensive studies examining how features of the environment impact traffic related air pollution In addition, few pieces of research included both health impact and environmental factor. Research should consider all these factors as they interact to form personal exposure levels. Often research assumes that each person in an area has the same level of exposure by using data from an air quality monitoring station. This approach could lead to errors as it does not take into considerations features of the environment highlighted to contribute to traffic related air pollution.
The findings of this review will inform the design of future work. The use of monitored traffic related air pollution data in case-study settings may be a way to investigate the relationship between traffic related air pollution, health impact and environmental factors.
